Supplementary Tables
Supplementary Table 1 . Physical parameters of nitrogen-metal doped carbon (M-N-C) CO2RR electrocatalysts. overall metal content determined from ICP-OES measurement. Notably, the detection limit of ICP-OES is as low as 0.1, 0.25, 0.4, 0.5 and 0.1 g/L for Fe, Co, Cu, Ni and Mn, respectively, where the measured solution of the dissolved M-N-C sample is 5000, 1400, 900, 1700 and 1300 times higher than the limit, indicating a low uncertainty. Each sample is measured twice. The value in the table is the average. e) ID/IG peak ratio: Ratio of D band to G band based on the Raman spectra through peak fitting with mixed-type Lorentzian/Gaussian fit functions. See Supplementary Figure 4 for the experimental Raman spectra as well as Supplementary Table 2 for the fitting detail.
ID
Supplementary Table 2 . Fitting details of Raman spectra for this family of M-N-C electrocatalysis. 

Supplementary Note
Detailed analysis of the metal core-level spectra. Better understanding of the type of metallic species present in these samples can be obtained by a detailed analysis of the corresponding 2p 3/2 photoemission lines, shown as insets in Figure 2 . Due to the low metal loading in our samples, we cannot fit the data with the multiplet splitting features typical for oxides and hydroxides. 1 Instead, in order to gain insight into whether oxidized metal species or nitrogen-ligated metals prevail in our samples we have compared the main 2p 3/2 photoemission peak positions with data reported for divalent metal species and metalloporphyrins, and a ratio of its area to the area of the shake-up satellites, which serves as a fingerprint of 3d metals in 2+ state. Muralidharan and Hayes have reported shake-up structures for Co(II), Ni(II) and Cu(II) porphyrins to be significantly weaker than the corresponding satellites of simple oxides of the same elements. 2 Thus, Ni(II) porphyrin exhibits an XP spectrum with 2p 3/2 peak centered at 854.8 eV, which is similar to Ni(OH) 2 , but unlike the latter it has a shake-up structure of only 11% intensity as compared to the main line. In fact, the Ni-N-C sample in our study has the main Ni 2p 3/2 photoemission peak at 854.9 eV and a shake-up peak just 18% of its area, suggesting a dominant presence of Ni bound to nitrogen in our samples. In contrast, the Co-N-C sample displayed a significantly more intensive shake-up structure, ca. 20% of the main Co 2p3/2 peak area, which is considerably higher than a value reported for Co(II) porphyrin (6.5%), but also clearly lower than CoO and Co(OH) 2 (38% and 54% correspondingly). Mn 2p 3/2 of Mn-N-C has its maximum at 641.7 eV, similar to MnO, and lower than compounds with Mn 3+ and higher oxidation states. 3 At the same time, the shake-up structure is as high as 11% of the main photoemission peak, which is slightly higher than the one reported for MnO (9%). Unfortunately, there is no reliable XPS reference for the manganese porphyrin structure. One can speculate however that Mn-N-C clearly contains divalent Mn species with a ligand structure different from common Mn 2+ compounds. The Cu 2p XP spectrum (Supplementary Figure 8a) shows a clear presence of divalent copper, as evident from the well-developed shake-up. Cu 2p 3/2 XP spectrum shows two sharp peaks at 932.7 and 934.8 eV and a shake-up satellite structure between 938.4 and 947.3 eV. A binding energy of 934.8 eV is similar to the value reported by Biesinger at al 1 for Cu(OH) 2 , but also to Cu porphyrin. 2, 3 The observed intensity of the shake-up satellite structure is 59% of the main line, which is only slightly higher than the 53% for both, Cu-porphine 2 and Cu(OH) 2 reported by Biesinger 1 . The peak at 932.7eV can be assigned either to metallic copper or to Cu 2 O, however a detailed analysis is not possible due to weak CuLMM Auger line. 1 It appears however reasonable to assign this peak to the Cu + state, since metallic copper in the near-surface region is unlikely to remain after multiple acid treatments. The Fe 2p 3/2 spectrum of the Fe-N-C sample shows a broad peak at 710.8 eV with a shoulder at ca. 708 eV. The position of the former and absence of distinct satellite structure points out the presence of significant amount of Fe 2 O 3 , while the latter is in an agreement with the values reported earlier for iron phthalocyanine. 4 According to Fe 2p 3/2 XP spectrum deconvolution, the nitrogen-coordinated iron comprises only 1.6% of the total Fe content observed by XPS.
Supplementary Figures
Supplementary Figure 1 . Typical Scanning Electron Microscopy image of the M-N-C electrocatalysts. Scale bar: 10 m.
Supplementary Figure 2 . N 2 physisorption isotherms for this family of M-N-C electrocatalysts. As shown, the isotherms are type I indicating the microporous structures; the abrupt increase in the higher pressure regime indicating the existence of macropores. In short, these information confirms the rich of microporosity, and indicates the hierarchical structure. ID/IG ratio is based on peak fitting as shown in Table S2 . As shown, the ratio is very close from one to another, indicating the density of defect sites of M-N-C is very similar. 
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